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Positive Ion Composition in the Magneto ionosphere Obtained 

From the OGO-A Sate I I ite 


•AlilRACT 

First results from the OGO-A positive ion spectrometer experiment are 
presented for the period September 23 through December 10, 1964. Thermal 
hydrogen and helium ion distributions extend from the lowest observations 
at 1500 km to an altitude of 30,000 km. The density obtained for H + at 
2000 km is of the order of 10^ ions/cirf* and the He + concentration is \% of 
H + over most of the altitude range. While the concentration and distribution 
of H + observed at the lower altitudes is in general agreement with theoretical 
models, the upper altitude profiles show significant departure from existing 
predictions. Evidence is presented which indicates that diffusion of ions is 
controlled by the geomagnetic field and that the ions are distributed in a belt- 
like region which exhibits a sharp gradient resulting in a 'plateau' at its outer 
boundary, which is characterized by a reduction in both the H and He concen- 
trations of a factor of 10 or more. The ion belt is observed to expand and con- 
tract over an altitude range of 8000 to 30,000 km in an inverse relationship with 
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the magnetic activity index Ap. There is significant correlation between these re- 
sults and the knee whistler observations as well as with high altitude ionization 
gradients observed from oth^r satellites.' Although the data provide some indica- 
tion of a direct coupling between the lower and upper ionosphere, more data will be 
required to adequately describe this relationship. 
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I ntroduct ion 
Background 

At 0217 GMT on September 5, 1964 , the first Orbiting Geophysical Observatory 
(OGO-A) £Ludwig, 1963^ was injected into an orbit with an inclination of 31.15 de- 
grees and a period. of approximately 64 hours. The orbit had an initial perigee of 
282 km and an apogee of 149,000 km. The spacecraft carried two Bennett radio- 
frequency mass spectrometers instrumented to measure thermal positive ion composition 
in the mass range from I to 45 AMU. A photograph of the mass spectrometer is shown 
in Figure I. One spectrometer was designed to measure ions in the range from 
I to 6 AMU while the ether sampled ions in the range from 7 to 45 AMU. The success- 
ful operation of this instrument provides the first opportunity for high resolution 

: ii i ’ 

direct measurement of positive ion composition from an altitude of less than 1000 km 
to interplanetary space and beyond the boundary of the magnetosphere. This paper 
is a preliminary report of the low mass data obtained for the three-month period 

from launch through mid-December, 1964. As a result of difficulties encountered 

* s 

in obtaining very low altitude data the search for high'mass ion^has been greatly 


limited, and accordingly no high mass data are presented. 



Ion Spectrometer Instrument 


The ceramic radio- frequency spectrometers flown aboard OGO-A are similar 
operation to those flown by«Tay’lor and Br Inton ^196 0 and Taylor et al. [l96j] 
The improved construction techniques and operation of the spectrometer have 
been described previously jjTaylor et al., 1962 . However, several basic 
features of the supporting electronics, being more sophisticated, are herein 
described to enable a better understanding of the measurement. These improve- 
ments influence the basic operation of the instrument and the frequency of 
data colIectWn. 

A block diagram of the spectrometer system including appropriate space- 
craft functions is shown in Figure 2. The low mass spectrometer is a three 
stage 5-3 cycle tube with a resolution of 0.5 AMU. The high mass spectrometer 
is a three stage 7-5 cycle tube with a resolution of I in 20 AMU. The posi- 
tive ion currents detected by each of the spectrometer tubes are measured 
iino 

by^indepe'ndent decade amp I i f ier systems. Each amplifier system covers the 

-9 -14 

current sensitivity range of 10 to 10 amperes, and provides six simul- 
taneous decade outputs. A synchronous detection system is employed which 
analyzes the ac component of the detected ion beam after it has been modulated 
by a !55 cds signal. This prevents the spectrometers from being sensitive to 


the dc effect of photoemission. In addition to the primary signals described 
above, important parametric voltages are also telemetered. 

As shown in the block diagram, an external plate and grid assembly (Gj) 
was placed in front of the spectrometer system to serve as a guard ring. The 
potential on this ring can be programmed by ground command to levels of 0, 

-5, -10, and -15 volts. The purpose of the guard ring is to present a uni- 
form field at the orifice to eliminate fringing field irregularities and also 
to serve as a 'drawing- in’ grid. The data presented in this paper were ob- 
tained with a G| of -15 volts. The remaining two voltages to be discussed 
are the sweep, V a , and the retarding potential, V s . The sweep is a sawtooth 
wave which provides a negative accelerating potential used in analyzing the 
ions. The duration of the sweep is such that the same ion is sampled once 
each 64 seconds, resulting in a spatial resolution of approximately 300 km 
of altitude. The retarding potential, a dc voltage which controls the sen- 
sitivity of the spectrometer, automatically steps to a new level once each 
sweep, through a series of four levels. The range of these levels can be 
adjusted by ground command. It is emphasized that the data presented in this 
paper were obtained with a constant V s range. 
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Additional ground commands also provide passive calibration of the amplifier 
systems. In-flight calibration data and voltage monitor data indicate that after 
5000 hours of operation, aj I critical voltage levels remain within laboratory 
calibration specifications, which gives the authors added confidence in the re- 
liability of the data presented here. 

Instrument Location and Orientation 

As shown in Figure 3, the experiment was mounted in the Orbit Plane Ex- 
periment Package (OPEP) No. I which was intended to look at a I I times into the 
orbit plane. Due to a failure in the attitude control system, however, the space- 
craft spun about the Z axis with a 12-second period. This failure necessitated 
the the OPEP be 'locked in' and remain stationary with respect to the space- 
craft body. In this position, the normal to the spectrometer orifice makes a 
constant angle of approximately 90° with the spacecraft spin axis. For the alti- 
tude range covered by the data, the minimum angle between the spacecraft velocity 
vector and the spectrometer orifice normal varies from approximately 30° at 
high altitudes to 90° at perigee. 

Data Coverage 

This paper is concerned with the presentation and discussion of the H + and 
He + distributions for a total of 15 passes obtained during the three-month per- 
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lod between September 23 and December 10, 1964. During this period, the local 

. j 

time of perigee varied from approximately 0800 to 0300 hours, while the min- 

O Q 

imum angle between the earth-gun line and the orbit plane varied from 7 to 54 . 
As a result, the inbound data were obtained on the night side of the earth, 
while the outbound data were obta i ned on the day side. 

The phasing between the OGO-A orbit period and the earth's rotation caused 
data to be obtained when the spacecraft was above three distinct grographical 
locations, as illustrated in Figure 4. These locations, or groups, are identi- 
fied with the stations from which the data were obtained. This method of label- 
ing is used primarily for convenience and does not specifically associate the 
data geophysically with the location of the recording station. 

The gravitational influence of the sun and moon on the satellite orbit 
caused the perigee height to increase from 282 km at launch to approximately 
1000 km by October 7, 1964. As a result, the data presented were obtained above 
1000 km and extend to varying altitudes, the highest being 30,000 km. 

Resu Its 

Uncorrected Ion Data 

A typical example of the ion spectra which were obtained on 0G0-A is shown 
in Figure 5, indicating clearly the resolution that was obtained. It should be 


noted that the small spikes which appear on the spectrum were caused by inter- 

. * 

ference from within the spacecraft. No ion peaks other than H + and He + have 
been observed in the low mass data studied thus far. 

The ion currents l c measured at the collector of the low mass spectro- 
meter on successive sweeps during an incoming realtime pass of the satellite 
on October 31, 1964, are plotted in Figure 6. 

Smoothed Ion Data 

The scatter in the data points for both masses in Figure 6 is caused 
primarily by two effects. One effect results from the changing aspect of 
the spectrometer orifice with respect to the velocity vector, caused by the 

t 

spacecraft spin. The second effect is due to the automatic stepping of the 
V s within the spectrometer tube. By normalizing the raw data to (I) a 
single spin plane aspect angle and (2) a single V s level, much of the scatter 
may be removed from the data points in Figure 6. Figure 7 demonstrates the 
technique used to evaluate the magnitude of the two effects. In this figure 
are plotted the H + ion currents for the four V g levels in the altitude range 
from 2700 km to 11,500 km on the October 31 pass. The normal to the spectro- 
meter orifice sweeps through an angle of 360° in the spin plane during each 
spacecraft spin period. To generate r Figure 7 an arbitrary 0° direction was 


chosen for the H + peak occurring at 2700 km altitude and the spin plane* angle 
Relative to this direction was calculated for each successive H + peak. It is 
apparent from this figure that the ion current collected by the spectrometer 
varied with aspect in the spin plane by approximately a factor of 10. At the 
same time the programmed changes in internal spectrometer sensitivity (V s ) 
varied the collected current by approximately a factor of two. 

Because of the altitude variation of spacecraft velocity, and attitude 
and effective V s (discussed later), it was necessary to generate curves similar 
to Figure 7 for the remainder of the altitude range covered- by the October 31 

U H*. + 

data. Figure 8 shows the corrected H yjdata points obtained by applying these 

techniques to the data of Figure 6. Smooth curves have been drawn through the 
+ + 

corrected H and He points. It has been determined that these curves approxi- 
mate the running averages of the original uncorrected points. For this reason 
the remaining ion distributions for both H + and He* will be represented by 
smooth running averages. 

It may be assumed that the aspect effect is caused by either spacecraft 

velocity or a directed flow of ions in space. The former explanation is Sup- 
er^’** 

ported by the observation that the envelope of the He + points in Figure 6 is 
wider than the envelope of the H + points, as one might expect considering the 


difference in mass and hence the velocity of the helium and hydrogen ions. 

It has not been determined that the relative angle producing maximum sensi- 
tivity in Figure 7 corresponds to the position of the OPEP for which the 
angle between the spectrometer orifice normal and the spacecraft velocity 
vector is a minimum. If this is the case, however, the previous discussion 
relative to the envelope width suggests that the ion temperature is in the 
thermal range. 

Another variable which influences the ion current measurements is the 
spacecraft potential. Since V s is referenced to spacecraft ground its 

Valvte 

effect ive^varies with any changes in the reference voltage. Further, it 
is believed that changing spacecraft potential may affect the c6l lection 
area of the spectrometer orifice, although this is believed to be a minor 
effect. From analysis of the ion spectra, considering harmonic ion peak 
sensitivity and position ^Johnson, 1950 , there is evidence that the space- 
craft potential varied from approximately -15 volts at low altitudes to 

0 

zero volts at high altitudes. The mechanism suggested as the source for 
this potential is the probe action of the exposed positive electrodes of the 
spacecraft solar cells. Since this negative charge mechanism opposes the 


positive potential induced by photoemission, the observed decrease in neg- 


12 


ative spacecraft potential with altitude is consistent with a correspond i ng 

decrease in ambient ion density. It is significant that gradients in the 
+ + 

H and He currents, such as those shown above 19,000 km in Figure 8, are 

observed repeatedly. Even though the exact magnitudes of these changes are 

difficult to determine due to the changing influence of spacecraft potential, 

we have no doubt that the current gradients result from real decreases in 

ambient ion density. 

Current to Density Conversion 

The precise conversion of raw ion current to ambient ion density is a 
most difficult problem that has not been adequately solved. Quantitative 
consideration of the effects of spacecraft potential, vehicle velocity, and 
details of the spectrometer -plasma interface can only be accomplished when 
these parameters are well understood and completely defined. Such a treatment 
is beyond the scope of this preliminary report. However, to obtain a best es- 
timate of the ion current-to-ion density conversion factor an approximate cal- 
culation was carried out which considered the parameters of spectrometer ef- 
ficiency, vehicle velocity and orientation, and effective collection area of 
the spectrometer orifice. This calculation yielded the result that an ion current 
of 10“** amperes measured at the spectrometer collector corresponds approximately 
to an ambient density of iCr ions/W 5 . Based upon this reference density, co- 
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ordinates of both ion density (Nj) and ion current ( l c ) are presented in Figures 9 
through 12. It should be emphasized that the density distributions presented 
in these figures have been # obta ined by normalization and that a point-by-point 

conversion of current to density has not been performed. 

Ion Distributions versus Altitude 

A most important feature which we have consistently observed in the upper 
altitude ion distribution^ is the presence of sharp gradients which vary in 
altitude between approximately 8000 and 30,000 km. With respect to altitude 
these distributions tend to fall Into two general categories, as shown In 
Figures 9 and 10. Each of these figures presents H + and He + ion data smoothed 
in the manner specified for the data in Figure 8. 

The ion distributions presented in Figure 9 are typical of the high alti- 
tude data which have been repeatedly observed. These concentrations tend to 
fall off slowly with increasing altitude until, in the range of 25,000 km, 
the decrease becomes more rapid, resulting in ion plateaus near 30,000 km. 

These data were obtained at Johannesburg during three incoming nighttime 
passes of the satellite. On these passes it was possible to obtain data 
down to perigee at approximately 1500 km. 

In contrast, we have found that on a comparably significant number 
of passes the ion plateaus occur at comparatively low altitudes, in the 


range 8000 to 15,000 km. Examples of these lower altitude distributions are 
shown in Figure 10. Although the low altitude portions of these profiles are 
similar to correspond ing portions of the data in Figure 9, the outstanding 
characteristic of each of these passes is the dramatic decrease of ion current 
as a function of altitude. These data were obtained from Rosman during three 
outgoing daytime passes of the satellite. It was not possible on these passes 
to 'see' the satellite below approximately 7000 km and hence data taken below 
this altitude will only be obtained by analysis of spacecraft tape recorder 

f 

data. 

Relative Concentrations of H* and He* 

As shown in Figures 9 and 10 the ratio of H + to He + is consistently 
100 to I over most of the altitude range. In the region near 3000 km on 
October 15 and 23, however, the He current falls gradually to a minimal level 
but increases again near perigee. This decrease does not appear to be caused 
by instrumental limitations nor is it accompanied by a change in spacecraft 
potent i a I . • 

Ion Distributions versus Magnetic Coordinates 

Figures II and 12 present the same ion data shown in Figures 9 and 10, 


with the vertical coordinate being Mcllwain's L parameter rather than alti- 


tude. In addition, the ordinate on the right of Figures il and 12 is Aj^ t 
defined as the geomagnetic latitude at which the corresponding L shell on the 
left ordinate intersects th^ surface of the earth. This parameter is useful 
when considering the current theories'of magnetospheric control by means of 
coupling along L shells of the lower ionosphere to the magnetosphere. 
Interoretat ion 

Correlation with Knee Whistler Observations 

The ion distributions shown in Figures II and 12, which are typical of 
much of the data, provide a striking albeit preliminary concept of certain 
characteristics of. the magnetoionosphere. In general, the ion distributions 
measured in this altitude region exhibit an initial gradual decrease with 
altitude followed at varying heights by a sudden decrease in density. The 
amplitude of the decrease or plateau is generally observed to be a factor 
of 10 or greater, occurring within an altitude range as small as 500 km. 

These general features, which we -have observed in over 20 hydrogen and 
helium ion current profiles obtained from 0G0-A, are very similar to the 
characteristics of the equatorial electron density profile deduced by Car- 
penter 1 * 1963*1 from whistler data. The strong correlation in these data is 
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illustrated in Figure 13, in which H plateaus of November 2 and November 18 


(Johannesburg) and September 23 (Rosman) are plotted with a typical knee 

whistler profile (N ) obtained by Carpenter. For simplicity, the He + dis- 

© 

tributions are not plotted in Figure 13 since on these passes, as well as on 
all other passes reported, the He + distributions closely parallel those of' 



It is significant that very similar patterns in the distribution of 
the thermal ion plasma have been observed by Russian experimenters from ion 
trap measurements on deep space probes JjSringauz et a I . , I963j| and satellites 
JjSringauz et al., 1965 j| . Furthermore, evidence of a sharp gradient in the 
thermal electron plasma has been reported by Serbu £l 964-J from the Imp-1 
plasma probe results. 

The similarity between the N e and N; profiles of Figure 13 becomes even 


more significant when one considers that the Nj measurements occurred at vary- 
ing magnetic latitudes (see Figure 4), while the N 0 curve defines the ionization 
distribution along the magnetic equator. This suggests that the characterist ic 
features observed in the ion profiles are widely distributed within the mag- 


i' » 
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netosphere, in a manner which is strongly controlled by the geomagnetic field. 
Such evidence tends to support the theory that hydrostatic equilibrium exists 
along magnetic field lines,«and implies that ion distributions measured at 
differing spatial locations may be compared analytically, using techniques 
such as those proposed by Angerami £l964^ . 

Correlation with Magnetic Activity 

Another very important feature of Figure 13 is the difference in the L 
values at which the Nj plateaus occur. It is significant that for these 
passes the magnetic activity index varies inversely with the ion plateau 
L values. Again these data agree directly with Carpenter's observation that 
the L coordinate of the whistler knee is decreased during periods of in- 
creased magnetic activity. 

The apparent correlation with magnetic activity is further supported 
by the ion data collected throughout the period September throuch December, 

1964. For this period a total of 15 samples representing all passes for which 
processable data is available, and for which the. experiment operating con- 
ditions are comparable, have been analyzed. For each pass the coordinates 
of the satellite at which a significant loss in ion current occurred have 
been compiled in Table I, with A for the day of the measurement and the 



prior day. In analyzing these data it was determined that the selection of 

a two-day sample of Ap provides the best overall correlation. The choice of 

the prior day is parficularjy appropriate since a number of the passes were 

recorded during the earliest hours of the day specified for the measurement. 

With the exception of the passes recorded on November 16 and November 26, the 

data in Table I may be divided into groups of disturbed, moderately disturbed, 

and quiet magnetic activity, for which the coordinates of ion loss consistently 

occur in an inverse relationship to the value of A . 

P 

The rather dramatic correlation between the magnetic activity and the ion 
distributions is illustrated graphically in Figure 14. In this graph the 
trajectories of representative passes are plotted as functions of geocentric 
distance, magnetic latitude, and L. It should be understood that in this plot 
magnetic longitude and local time variations are not considered and the passes 
are plotted as if all trajectories were in the same plane. The curve shown for 
each date is solid up to that altitude at which the ion plateau is observed, 

4 

and dashed beyond. 


Three types of passes are shown, providing examples of data obtained from 
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Johannesburg and Rosman on the night side of the orbit, and from Rosman on the 
day side. It is significant that within each group of passes the variation of 
coordinates between passes, is relatively small (less than 5° of latitude and 
10° of longitude), which permits direct comparison of individual ion dis- 
tributions within a given group. Comparison of the data shown in Figure 14 pro- 
vides clear evidence that within each pass group the L coordinate of the trans- 
ition from gradual to rapid ion density fall-off varies inversely with changes 
in magnetic activity (see Table I for corresponding Ap values). This is par- 
ticularly pronounced in the two nightside data groups, in which greatly different 
ion profiles are obtained on passes which appear to differ only in terms of 
magnetic disturbance. 

It is significant that in the period from October 23 to December 10 data 
recorded at Johannesburg from passes occurring eight days apart are character- 
ized, with the exception of November 24, by high altitude plateaus corresponding 
to low magnetic activity (see Table 1). Since the orbital period of the satellite 
is 6uch that an eight day cycle occurs in passes over a given station, it is 
natural to question whether a systematic phasing might develop between the orbital 
period and changes in the magnetic activity, which would confuse further inter- 


pre+a+ion of spatial and local time effects. Such a possibility is closely 
related to the observations of Ness et al. £l965^j of a direct correlation 
between Kp and the eight day cycle In the passage of sectors of the Arch- 
imedean spiral structure of the interplanetary magnetic field. Although the 
quantity of ion data available to date is not sufficient to permit an ex- 
tensive examination of such an effect, the dynamic implication involved calls 
for a careful analysis of such data at the earliest opportunity. 

Local Time Variations 

Because of the strong association apparent between the magnetic activity 
and the ion profiles, it has not yet been possible to thoroughly separate the 
effects of Ap and local time. However, for at least 10 pairs of inbound and 
outbound passes obtained during periods of relatively constant magnetic ac- 
tivity, the ion distributions have been observed to be quite similar; in the 
majority of these cases the altitude plots of inbound and outbound H and He 
ion currents can be superimposed with negligible disagreement. 

The independence of the H + current profiles of local time and magnetic 
longitude variations is also indicated in Figure 14. Although local time co- 


ordinates are not shown specifically, gross local time effects, if they exist 


2 

should be evident in a comparison of inbound (type A) and outbound (type B) 

profiles obtained on the same day. It is clear both from this, plot and from 

+ 

Table I that the inbound and outbound regions of H Ion density plateaus occur 
at similar L coordinates even though the local times of the inbound and out- 
bound measurements are quite different. For the example shown the local time 
of the November 2 and November 10 inbound H + plateaus was approximately 1200 
hours while the local time of the correspond i ng outbound plateaus was appro- 
ximately 2000 hours. 

• * 

Conclusions 

The overall picture gained from these data is one of a belt of thermal 

ions which appears to expand and contract with changes in magnetic activity. 

There is strong evidence that within this belt the distribution of ions is conr 

trolled along the lines of the geomagnetic field. The altitude of the sharp 

gradient which defines the outer boundary of the belt varies inversely with 

magnetic activity over an altitude range of 8000 km to 30,000 km. Although the 

3,3 + 

number density of 10 ions/cm inferred for H at the 2000 km level is in reason- 
able agreement with the lower altitude portions of models proposed by_ Johnson 
£l 960^| , Bates and Patterson ■0 96 il , and Angerami [l9M] , the ion density 
gradients observed in the high altitude regions exhibit significant departure 


from existing models. 
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It is significant that H and He have been observed from 1500 km to 
30,000 km and that the ratio of H + to He + is approximately 100 to 1 over 
most of the altitude range. # 

The apparent consistency among the observations of (I) the distribution 
of ions along magnetic shells (2) the dynamic role of magnetic activity and 
(3) the possible correlation with variations in the interplanetary magnetic 
field, leads to the challenging question of whether the indicated expansion 
and contraction in the observed ion belt results from forces acting both in- 
ternal and external to the magneto ionosphere. Certainly the observed evidence 
of geomagnetic control appears to support the argument for direct internal 

1964] . 

Further, the strong latitude gradients in total ion density at 1000 km re- 

1965] may possibly be the 

source of some of the higher altitude H + and He + gradients if the mechanism 
of hydrostatic flow along field I ines .is effective. 

If a case is to be made for predominantly internal control, 'the strong 
relationship observed between the ion -concentrations and the magnetic activity 
seems to suggest a mechanism in which, during periods of magnetic disturbance. 


ported by Brace £ l 965] and by Barrington et al. £ 


coupling of the lower and upper ionosphere, as suggested by Angerami £ 
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some component of the solar input penetrates to comparatively low latitude re- 
gions of the lower ionosphere. The resulting enhanced ionization would then 

populate magnetic shells of lower L number, resulting in the observed con- 

« 

traction of the outer boundary of the plasma belt. This interpretation seems 
to bear some relationship to observation and theory. Akasofu 0 962 ] has ob- 
served that auroral activity penetrates toward the equator during magnetic storms; 
Parker l 1962 ] suggests a toagnetospheric model which during magnetic storms calls 
for dynamic plasma perturbations in the L space of 3 to 5. 

S 

The application of such mechanism^to the interpretation of our results 
must remain preliminary until a more extensive sample of both ion and magnetic 
data is obtained. It is recognized that a statistical study will be required 
to enable a meaningful investigation of local time, seasonal, and spatial 
parameters required to construct a descriptive empirical model of the 


magneto ionosphere. 
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FIGURES 

Fig. I. Ion mass spectrometer instrument flown on OGO-A. 

Fig. 2. Block diagram of the ion mass spectrometer system. 

Fig. 3. Location of the ion mass spectrometer instrument on OGO-A. 

Also shown is the spacecraft spin axis (Z). 

Fig. 4. Data coverage with respect to geographic latitude and longitude. 

Inbound and outbound data obtained during the same perigee pass 
are i dent i f i ed by the letters A and B, respectively. 

Fig. 5. Photograph of typical hydrogen and helium ion spectra obtained 
from OGO-A. 

Fig. 6. Uncorrected hydrogen and helium ion current data obtained during 
the pass of October 31, 1964, Occasional gaps in data occur as 
a result of signal dropout. 

Fig. 7. Uncorrected hydrogen ion current detected in the altitude 

range 2700 km to 11,500 km on October 31, plotted as a function 

of relative angle in the ion spectrometer spin plane to demonstrate 

the effect of varying aspect. The currents obtained for each of 

s 

the four V s levels of spectrometer sensitivity are shown. 

Fig. 8. Smooth hydrogen and helium ion current profiles drawn through 

the points obtained by applying aspect and V s corrections to the 
. raw data shown in Figure 6. 
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Fig. 9. Hydrogen and helium ion distributions measured during three 

satellite passes showing gradual fall-off followed in two cases 
by 'plateaus' at high altitude. The high altitude data for 
October 15 is incomplete because of a data transmission loss. 

Fig. 10. Hydrogen and helium ion distributions measured during three 
satellite passes showing 'plateaus* at low altitude. 

Fig. II. Hydrogen and helium ion distributions shown in Figure 9 plotted 
as functions of Mcllwain's L parameter andXj_, the geomagnetic 
latitude at which the corresponding L shell intersects the earth. 


Fig. 12. 


Hydrogen and helium ion distributions shown in Figure 10 plotted 
as functions of L and X^. 


Fig. 13. Correlation between three Nj plateaus obtained at varying geo- 
magnetic coordinates and the knee in the equatorial profile of 
N e determined from whistler data.. The inverse relationship 

between plateau altitude and A is demonstrated. 

‘ P 

Fig. 14. Locations at which significant reduction or loss of H + current 

was observed during nine satellite passes. The solid portion of 
each curve indicates a region of gradual decrease in ion current 
with altitude, while the beginning of the dashed portion specifies 
‘the location of rapid decrease in current. Magnetic longitude and 
local time are not shown in detail, and each pass is plotted as if 
it occurred in the same plane. The sun arrow indicates the general 
orientation of the sun during these observations. 


Table I. Correlation between the coordinates of H + current loss and 

variation in the magnetic activity index Ap. Inbound and outbound 
portions of the same perigee pass are designated A and B respectively. 
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